of B. welchii under certain conditions. Smith (1890) used small pieces of liver in the fermentation tube but made no reference to blackening, due perhaps to the use of 2 per cent glucose in the medium which would have protected the protein from attack.
The first recorded observation of the blackening of putrefied meat may be attributed tentatively to Tissier and Martelly (1902) . It was again noted by Rettger (1906) who also remarked that "hydrogen sulfide is, no doubt, one of the first substances split off fromii the proteid molecule during putrefaction," and that "even the heating of proteids in a neutral or slightly alkaline solution at 80°C. wil bring about the elimination of hydrogen sulfide." We agree with this in so far as it applies to alkaline solutions or suspensions.
No imediate use of the phenomenon of blackening for differential purposes appears to have been made although Tarozzi (1905) , Wrzosek (1905 Wrzosek ( -1907 , and Harass (1906) used various animal tissues for anaerobic cultures under what they called "aerobic" conditions, which must now be recognized as really "anaerobic," owing to the slowness with which oxygen is reabsorbed by particulate suspensions freed from it by boiling, and in the case of fresh unheated tissues, to their reducing action.
Von Hibler (1908) was apparently the first to use the discoloration of animal tissues by anaerobes for differentiation and recognized the general comparability of muscle, liver and brain mediums.
Cooked meat mediums have had perhaps a wider use than brain as appears from a review of papers by Robertson (1916) , Henry (1917) , Weinberg and Seguin (1917) , Adamson (1919) , British Medical Research Committee (1917 -1919 , Holman (1919) , and Kahn (1922) (Hall, 1920) through the addition of 0.1 per cent glucose and of 2 per cent pepton.
The added glucose stimulates rapid growth and gas formation and favors the development of some anaerobes that grow poorly if at all except in the presence of fermentable carbohydrates; an excess is to be avoided however as generally inhibiting sporulation and preventing discoloration of the medium by certain organisms through protein sparing action. Excess glucose also leads to excessive acid production and early death of some cultures.
Added pepton improves the medium by increasing its free amino acid and buffer content which may be assumed to favor earlier development of the cultures, more intensive color changes, and prolonged viability. Pepton also gives to brain medium a. perfectly clear supernatant fluid, which is an advantage in the detection of contamination prior to inoculation, or of growth afterwards, while brain medium made without pepton is generally slightly turbid or opalescent and permits the detection of contamination or of delicate growth less easily. We now realize however that care must be exercised in selecting the pepton.
In order to elucidate our viewpoint it is necessary to discuss the mechanism of the discoloration of brain and meat mediums. Von Hibler correctly attributed the blackening to the formation of iron sulfide by sulfuretted hydrogen set free from the protein molecule. But he was surely wrong in assuming that the iron is derived from traces of hemoglobin present in the brain tissue, as one of us (Hall, 1921 (Hall, -1922 has already suggested, and as we shall prove herein. Henry (1917) suggested that it might be "a tyrosin derivative, such as that which results from the interaction of tyrosin with tyrosinase; or it may be a black humin substance resulting from the condensation of an aminobody with a sugar." Yet Henry inclined toward the iron sulfide theory though he had no absolute proof. Hall (1921) has shown that B. tyrosinogenes produces both tyrosin and the black discoloration in meat and brain mediums but only tyrosin in a salmon medium; when iron is added to the salmon medium however the blackening occurs as usual. Further evidence of the distant relation between blackening and tyrosin formation is that a}l actively putrefactive anaerobes blacken meat and brain mediums but only four (B. bifermentans, B. centrosporogenes, B. histolyticus, and B. tyrosinogenes) are known to produce tyrosin.
The fact that an excess of fermentable carbohydrate prevents the discoloration of brain and meat mediums certainly eliminates the second hypothesis of Henry and all of our evidence goes to show that the blackening of meat and brain medium is due to the precipitation of iron sulfide by sulfuretted hydrogen acting upon iron derived from sources in the mediums other than hemoglobin.
EXPERIMENTAL
Test organisms were selected for the variety of their proteolytic effects as described in 1922. They were carefully re-examined for impurities but none was found.
The basic medium was made according to our published formula with the omission of pepton. It medium by any of these cultures of which the first three are actively putrefactive but there was a perfect correspondence between the action of iron and of Difco pepton added to the basic medium.
Some tests were made of 1 and 0.5 per cent Difco pepton differing quantitatively in time of appearance and amount of blackening but qualitatively like the above.
Experiment 2. We next tested several brands of peptones, each in a concentration of 2 per cent. The cultures were incubated at 37°C, for forty-five days. Growth was proven in each culture both by turbidity and microscopic examination, and freedom from aerobic contamination by subculture on plain agar aerobic plates after twenty-four hours incubation. Color changes were determined daily for the first week and thereafter weekly by comparing with the uninoculated control in each set. Table 2 is a r6sum6 of these readings. We note that only B. sporogenes, B. histolyticus and B. tyrosinogenes blackened the basic medium, or the basic medium plus Parke Davis (two lots), Armour's, or Fairchild's pepton; B. welchii, B. novyi, B. tetani, and B. butryicus blackened none of these within forty-five days. The results in these mediums were qualitatively identical, but quantitatively, as indicated by earlier appearance and greater intensity of color, more striking in the presence of pepton. It is suggested that pepton may IVAN C. HATLL AND EMELIA PETERSON accelerate blackening either by furnishing a more accessble source of hydrogen sulfide or by stimulating more vigorous growth, or possibly both. These statements hold also for the basic medium plus Witte's pepton except for the delayed blackening by B. tetani.
The delayed blackening by B. histolyticus and especially B. tetani as contrasted with B. sporogerse and B. tyrosinogenes was evident in all of the mediums except those containing either Difco pepton or iron wire. One observes that B. butyricus, B. chauvoei, Vibrion septique, and B. tertius failed to blacken any of the mediums. B. welchii and B. novyi failed to blacken any of those mediums without added iron except that B. welchii blackened that containing Difco pepton. B. tetani on the other hand blackened quite tardily the basic medium without added iron as well as several of the pepton mediums; it failed also to blacken certain of the pepton mediums without added iron. But with added iron these three organisms, B. welchii, B. novyi, and B. tetani, all blackened the mediums containing pepton quite promptly; the basic medium without pepton but with iron was also blackened but distinctly more slowly and less intensely. These results are in line with all our experience which indicates the improved growth of anaerobes in brain mediums containing pepton and may be explained by the greater accessibility of the nutrients in the pepton as compared with undigested tissue.
Curiously, after two or three weeks incubation B. butyricus, B. chauvoei, Vibrion septique, and B. tertius sometimes gave peculiar gray discolorations in pepton or plain iron brain media differing from true blackening in having a peculiar bluish tinge and often a peculiar gray brown color. Simultaneous occurrence of red iron oxide was frequent; whether the oxide or gray discoloration appeared first is not known since after the first few days observations were made only at intervals of a week. The two Parke Davis iron controls were also considerably darkened on the twenty-sixth and fortieth days (table 3), the oxide being present and the reaction alkaline. No contamination could be detected, after a rigid examination as in a similar instance (table 1) already described.
It seems possible that after complete utilization of carbohydrates in old brain cultures of B. butyricus, B. chauvoei, Vibrion septique, and B. tertius, 0.1 per cent glucose -being present in less than an excess, a very mild proteolytic action may occur or the acids resulting from fermentation may themselves be destroyed neutralizing the otherwise acid medium and even rendering it slightly alkaline. Some hydrolysis of protein may take place with liberation of hydrogen sulfide followed by precipitation of iron sulfiide in the presence of an iron nail.
One must exercise judgment in determining blackening of brain medium with iron. Readings should be made before the appearance of the oxide which may still be found to be associated with the bluish gray discoloration. Time is a factor, and organisms blackening iron brain medium will have produced that change before oxidation occurs.
The detection of iron in pepton and brain tissue Experiment 4. Following out the suggestion that Difco pepton probably differs from the others in iron content, six peptones were subjected to chemical test for iron. Two 5 cc. portions of 10 per cent solutions of each pepton were rendered acid to litmus with 1 cc. N HCl. One cubic centimeter of 2 per cent 10 solutions of potassium ferrocyanide and potassium ferricyanide were added, one to each series. Difco pepton gave an immediate deep blue color with potassium ferrocyanide indicating ferric iron, the same result being obtained in a repeated test by adding only 1 drop of reagent.
Potassium ferricyanide gave a green color, but whether this was due to ferrous or to ferric iron was hard to determine owing to the deep yellow color of the reagent itself.
None of the remaining brands gave any immediate color changes. The slight green tints acquired by some after standing were disregarded as the reagents decompose on exposure to air. Negative results were also obtained by testing a tube of basic medium in this way. But after hydrolyzing with NaOH and acidifying, a light blue color appeared in the depths of the medium after adding potassium ferricyanide, indicating a trace of ferrous iron.
At this juncture Dr. C. L. A. Schmidt of the Biochemistry Department of this university suggested the ashing method as being more delicate for detecting iron in these substances. Bennett's procedure for demonstrating masked iron in blood was followed with but slight modifications.
Experiment 5. Three to four grams of pepton were ashed with approximately an equal volume of potassium nitrate. After acidifying and dissolving the ash, a fraction was poured into a test tube, ether added and a crystal of ammonium thiocyanide. In this test when iron is present, the ether becomes colored with iron sulphacyanide varying from a pink to a deep wine color. This is decanted into another test tube, a small amount of water being added with a crystal of potassium ferrocyanide. After shaking, a deep blue color appears in the water when iron is present in the ferric form.
Difco pepton gave an immediate deep blue color confirming the previous test, but the other brands also contained traces of iron. The colors varied from a very light green with Parke Davis (coarse), Fairchild, and Armour peptones to darker greens with Parke Davis (fine) and Witte brands, the trace of blue color in these instances being hidden by the yellow color of the reagent.
That different lots of the same brand of pepton vary in their chemical make-up is indicated by our own observations upon two lots of the Parke Davis product. Thompson (1920 ), Myer (1920 ) and Tiley (1921 -1923 have also emphasized the great variability of peptones in relation to the production of hydrogen sulfide. We emphasize the varying iron content of different lots and brands of pepton and suggest the use for brain medium of pepton as free as possible from iron. Bennett's test should be applied to each lot used.
It is true, of course, that our basic brain medium without pepton or added iron is blackened by the highly putrefactive anaerobes and we have already referred to Von Hibler's belief that this is due to iron derived from the hemoglobin in the brain tissue. We were able to show only a trace of iron by Ben- nett's test in the ash from a tube of basic brain medium which had been carefully guarded against contact with iron utensils during its preparation. A more definite but still delicate test was obtained by ashing a whole sheep's brain that had been carefully washed in distilled water.
The effect obf blood upon the blackening of brain medium If Von Hibler's view were correct, the addition of blood to brain medium should intensify the blackering effect just as the addition of metallic iron does. This is not the case, however, and this raises the whole question as io what form of iron is available for this reaction. Experiment 6. Table 4 shows the results of an experiment with certain actively putrefactive species in our basic brain medium to which in one series metallic iron was added, in another unheated sterile rabbit blood, and in still another heated sterile rabbit blood. Each set was controlled by an uninoculated tube. Five-tenths cubic centimeter of fresh defibrinated rabbit's blood was added to each tube of the unheated series after boiling and cooling while the same amount was added to the second series before boiling. After twenty-four hours incubation, they were checked for aerobic sterility and observed daily for blackening.
This experiment shows again the prompt blackening of brain medium with iron and the delayed blackening of the brain medium without added iron. The medium with unheated blood failed to blacken at all during the period of observation while those with heated blood blackened approximately the same as the basic medium, or if anything, less intensely. Iron brain was blackened by all five cultures in forty-eight hours, and very intensely on the sixth day. The basic medium was moderately blackened by all on the thirteenth day. None could be detected with the unheated blood due to the red color which later became brownish green making detection of blackening even more difficult. There was an indication of blackening in all but B. histolyticus in the presence of heated blood which did not exceed plain brain in intensity on the twentieth day, but was, if anything, less. These results prove conclusively that the iron in hemoglobin does not intensify the blackening of brain medium and indicate that in so far as iron is responsible it must be derived from compounds of simpler nature, as already pointed out.
DISCUSSION AND CONCLUSIONS
The addition of pepton to brain medium improves its clarity, favors the rapid development of bacteria, intensifies color changes, and prolongs the viability of culture; but cognizance should be taken of the presence of iron in certain lots of pepton in view of the effect of iron upon the blackemnng of brain medium by some organisms. Difco pepton was found to have an effect upon the blackening of brain medium by B. welchii, B. novyi, and B. tetani similar to that of metallic iron, differing in this respect from all other brands tested. Difco pepton was shown by chemical tests also, to contain a considerable quantity of iron, whereas other peptones contain only a trace of iron.
Brain medium made without pepton also contains iron which is responsible for the blackening of such a medium by certain obligate anaerobes. This iron is derived from the brain tissue and is apparently so firmly bound that only the most actively proteolytic bacteria are able to set it free. There is no evidence that it comes from hemoglobin. The addition of blood to brain medium does not intensify the blackening by any of the test organisms and we may assume that the iron in hemoglobin is too firmly fixed for even the most actively putrefactive anaerobes to set it free.
The use of blackening in brain medium as a criterion in the differentiation and identification of the sporulating anaerobes should involve a knowledge of the form in which iron occurs in the medium.
